Haloalkane dehalogenases are enzymes that catalyze the cleavage of the carbon-halogen bond by a hydrolytic mechanism. Genomes of Mycobacterium tuberculosis and M. bovis contain at least two open reading frames coding for the polypeptides showing a high sequence similarity with biochemically characterized haloalkane dehalogenases. We describe here the cloning of the haloalkane dehalogenase genes dmbA and dmbB from M. bovis 5033/66 and demonstrate the dehalogenase activity of their translation products. Both of these genes are widely distributed among species of the M. tuberculosis complex, including M. bovis, M. bovis BCG, M. africanum, M. caprae, M. microti, and M. pinnipedii, as shown by the PCR screening of 48 isolates from various hosts. DmbA and DmbB proteins were heterologously expressed in Escherichia coli and purified to homogeneity. The DmbB protein had to be expressed in a fusion with thioredoxin to obtain a soluble protein sample. The temperature optimum of DmbA and DmbB proteins determined with 1,2-dibromoethane is 45°C. The melting temperature assessed by circular dichroism spectroscopy of DmbA is 47°C and DmbB is 57°C. The pH optimum of DmbA depends on composition of a buffer with maximal activity at 9.0. DmbB had a single pH optimum at pH 6.5. Mycobacteria are currently the only genus known to carry more than one haloalkane dehalogenase gene, although putative haloalkane dehalogenases can be inferred in more then 20 different bacterial species by comparative genomics. The evolution and distribution of haloalkane dehalogenases among mycobacteria is discussed.
Haloalkane dehalogenases catalyze detoxification reactions and act on a broad range of halogenated aliphatic compounds (15) . Haloalkane dehalogenases have primarily been isolated from bacterial strains living in soil contaminated with halogenated aliphatic compounds (16, 20, 30, 37, 38, 41, 42, 45) . The enzymes are involved in biochemical pathways enabling bacteria to utilize halogenated compounds, i.e., 1,2-dichloroethane, 1-chloroalkanes, ␥-hexachlorocyclohexane, 1,2-dibromoethane, and 1,3-dichloropropene as the source of carbon and energy.
Database searches revealed the presence of at least two open reading frames, rv2579 and rv2296, with sequences highly similar to haloalkane dehalogenases in the genome of the pathogenic bacterium Mycobacterium tuberculosis H37Rv (4). Dehalogenating activity was consequently confirmed in M. tuberculosis H37Rv (19) . The same study demonstrated dehalogenase activity in several saprophytic mycobacterial species. The first haloalkane dehalogenase originating from a mycobacterial strain was cloned from Mycobacterium sp. strain GP1 (37) . This haloalkane dehalogenase, designated DhaA f , is involved in the biochemical pathway for biodegradation of 1,2-dibromoethane. Genome sequence analysis has shown that two other representatives (fast-growing M. smegmatis MC2 155 and slowgrowing M. avium subsp. paratuberculosis K10), possess open reading frames aal17946, map0345c, and map2057 coding for putative haloalkane dehalogenases. The first haloalkane dehalogenase of a bacterium isolated from animal tissue was cloned from M. avium subsp. avium N85 (18) designated DhmA. Heterologous expression of the dhmA gene in Escherichia coli resulted in a dehalogenase hydrolyzing a wide range of haloalkanes. The origin and function of the haloalkane dehalogenases in pathogenic mycobacteria is currently unclear.
In a previous study, we compared the homology model of protein Rv2579 with the crystal structure of haloalkane dehalogenase LinB from Sphingomonas paucimobilis UT26 (25) and found that 6 of 19 amino acid residues that form an active site and entrance tunnel are different between LinB and Rv2579 (32) . Mutations were introduced cumulatively into the six amino acid residues of LinB resulting in a protein mutant which was designed to have an active site of Rv2579. This mutant showed haloalkane dehalogenase activity, confirming that Rv2579 is a member of haloalkane dehalogenase protein family.
We describe here the cloning and expression of two putative haloalkane dehalogenase genes (designated dmbA and dmbB, corresponding to rv2579 and rv2296 in M. tuberculosis, respectively) from the obligatory pathogen M. bovis, as well as the biochemical and kinetic characterization of proteins encoded by these genes. The distribution of mycobacterial genes dmbA, dmbB, and dhmA genes was studied in isolates of the M. tuberculosis complex, M. avium subsp. avium, M. avium subsp. hominissuis, and M. avium subsp. paratuberculosis originating from various hosts, including human beings and different geographical areas from four continents.
Gene cloning and sequencing. The enzymes used for DNA manipulation were obtained from New England Biolabs, Inc. (Beverly, MA), and TaKaRa Shuzo Co. (Kyoto, Japan). All other chemicals were purchased from Sigma-Aldrich (St. Louis, MO). Primer pairs flanking the rv2579 and rv2296 genes of M. tuberculosis were designed and used in a PCR with the total DNA of M. bovis 5033/66. The primers for the cloning of the dmbA gene were designated DMBAf and DMBAr, and the primers designated DMBBf1 and DMBBr1 were used for cloning of the dmbB gene (Table 1) . To enable cloning into plasmid pUC18, forward and reverse primers were 5Ј end modified by using the EcoRI and HindIII restriction sites, respectively. In addition, reverse primers also contained 5Ј end modification, allowing the in-frame introduction of the His 6 tail into C terminus of cloned DmbA and DmbB. PCR was carried out in 50-l volumes using the Taq PCR Master Mix Kit (QIAGEN, Hilden, Germany) according to the instructions of the manufacturer. The PCR cycle for dmbA gene amplification consisted of a denaturation step for 4 min at 94°C, followed by 30 cycles of denaturation at 94°C for 40 s, annealing at 62°C for 30 s, and extension at 72°C for 90 s, with a final extension step at 72°C for 5 min. The cycling parameters for dmbB gene amplification were 94°C for 4 min, followed by 30 cycles of 94°C for 40 s, 55°C for 40 s, and 72°C for 90 s, with a final elongation step for 10 min. The same cycling parameters were used for the combinations of primers DMBBf1 and DMBBr1 and primers DMBBf2 and DMBBr2. Prior to the digestion with restriction endonucleases, the PCR products were purified with the QIAquick gel extraction kit (QIAGEN, Hilden, Germany) and ligated with the pUC18 plasmid (Invitrogen, Groningen, The Netherlands) digested and purified in the same way. Recombinant plasmids harboring inserts of the correct size were sequenced by using an ABI Prism 310 genetic analyzer (Perkin-Elmer, Norwalk, CT).
Expression and protein purification. For the protein expression, dmbA and dmbB genes were recloned to pAQN (29) . In this plasmid, His-tagged DmbA and DmbB were expressed under the control of the tac promoter. E. coli BL21(DE3) transformed with the plasmid pAQN containing dmbA or dmbB, respectively, was grown in 4 liters of Luria broth with ampicillin (100 g/ml) at 37°C. When the culture reached an optical density of 0.6 at 600 nm, protein expression was induced by the addition of IPTG (isopropyl-␤-D-thiogalactopyranoside) to a final concentration of 1 mM. Since DmbB was repeatedly purified with a low yield, in an attempt to increase its recovery, the dmbB was cloned into pTrxFus vector (Invitrogen, Amsterdam, The Netherlands) by using the primers DMBBf2 and DMBBr2. In this plasmid, His-tagged DmbB was fused to thioredoxin and expressed under the control of the P L promoter. In this case, E. coli GI724 was grown in 4 liters of medium containing 0.2% Casamino Acids, 0.5% glucose, 1 mM MgCl 2 , Na 2 HPO 4 (6 g/liter), KH 2 PO 4 (3 g/liter), NaCl (0.5 g/liter), NH 4 Cl (1 g/liter), and ampicillin (100 g/ml) at 30°C. When the culture reached an optical density of 0.5 at 600 nm, protein expression was induced by the addition of L-tryptophan to a final concentration of 100 g/ml. The cells were harvested 4 h after the induction and disrupted by sonication using a Soniprep 150 (Sanyo Gallenkamp PLC, Loughborough, United Kingdom). After centrifugation at 21,000 ϫ g for 1 h, the supernatant was filtered through a 0.45-m-pore-size filter and further purified on Ni-nitrilotriacetic acid Sepharose column (QIAGEN, Hilden, Germany). The His-tagged protein was bound to the resin equilibrated with a buffer containing 20 mM potassium phosphate, 0.5 M sodium chloride, and 10 mM imidazole (pH 7.5). Unbound and weakly bound proteins were washed out by a buffer with 20 mM potassium phosphate, 0.5 M sodium chloride, and 65 mM imidazole (pH 7.5), and the His-tagged haloalkane dehalogenase was eluted by using an elution buffer (20 mM potassium phosphate, 0.5 M sodium chloride, 225 mM imidazole [pH 7.5]). Protein homogeneity was verified by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and the proteins were stored in a 50 mM phosphate buffer (pH 7.5) at 4°C. CD spectra and thermal denaturation curves. Circular dichroism (CD) spectra were recorded at room temperature with a Jasco J-810 spectrometer (Jasco, Tokyo, Japan). The data were collected from 185 to 260 nm at 100 nm/min, with a 1-s response time and a 2-nm bandwidth using a 0.1-cm quartz cuvette containing 0.15 mg of protein/ml in a 50 mM potassium phosphate buffer (pH 7.5). Each spectrum shown is the average of 10 individual scans and is corrected for absorbance caused by the buffer. For thermal denaturation, the protein solutions were heated from 22 to 72°C at 1°C/min. The changes in the ellipticity were monitored at 221, 225, and 221 nm for LinB, DmbA, and DmbB, respectively. The protein concentration of the samples was checked throughout the denaturation experiment. The recorded thermal denaturation curves of each protein were normalized to represent signal changes between approximately 1 and 0 and sequentially fitted to sigmoidal curves. The melting temperatures were evaluated from the collected data as a midpoint of the normalized thermal transition.
Biochemical characterization. The mycobacterial putative haloalkane dehalogenases were purified to homogeneity and characterized for their pH and temperature optimum and their catalytic activity. The pH dependence of haloalkane dehalogenase activity was tested by varying the buffer components in the assay. The buffer containing 50 mM potassium acetate was used in the range from pH 4.0 to 6.0, the 50 mM phosphate buffer varied from pH 6.0 to 8.0, and the 100 mM glycine buffer varied from pH 8.0 to 10.0. The temperature dependence of the enzyme was determined by conducting the dehalogenation reaction at a temperature ranging from 20 to 60°C and the subsequent determination of products of dehalogenase activity by gas chromatography. The 1,2-dibromoethane was used as a substrate for the testing of biochemical properties of DmbA and DmbB. All activity assays were conducted in triplicates for DmbA, whereas replicated experiments could not be performed with DmbB due to the low expression yields. Steady-state kinetic constants were determined for DmbA only using two substrates: 1-chlorobutane and 1,3-dibromopropane. The kinetic data, i.e., the rate of the enzymatic reaction v against the substrate concentration [S], were fitted to the Michaelis-Menten equation as follows:
. The steady-state kinetic constants (k cat , K m , and K si ) were calculated by using the computer program EZ-Fit Version 1.1 (F. W. Perrella). The turnover number, k cat , is the number of molecules converted per second by one enzyme molecule under substrate saturation conditions. The Michaelis-Menten constant, K m , is the dissociation constant and quantifies the substrate concentration at which 50% of the maximal velocity (0.5 · k cat · [E]) has been reached. The substrate inhibition constant, K si , is the dissociation constant for the inactive complex of enzyme with more than one substrate in the active site.
Activity assays. The activities of purified mycobacterial dehalogenases were determined by a microtiter plate colorimetric assay using the reagents of Iwasaki (14) described previously (26) . The amount of 0.2 mg of pure DmbA per ml in the glycine buffer (pH 8.5) was incubated with the halogenated substrate at a final concentration 10 mM. The progress of the reaction was monitored after 10, 20, and 30 min by measuring the activity of pure DmbA and DmbB. A more precise determination of activities was achieved by using gas chromatography (3). The reaction conditions were the same as those for the spectrophotometric assay. Steady-state kinetics were assessed by the determination of the substrate and product concentrations by using a gas chromatograph Trace GC 2000 (Finnigen, San Jose, CA) equipped with a flame ionization detector and the capillary column DB-FFAP (30 m by 0.25 mm by 0.25 m; J&W Scientific, Folsom, CA).
Gene screening. Primers used for the screening of putative haloalkane dehalogenase genes (Table 1) were designed according to the sequences of the dmbA (accession code Z77724), dmbB (accession code Z77163), and dhmA (accession code AJ314789). PCRs were carried out in a 20-l volume using the Taq Master Mix Kit (QIAGEN). Three different combinations of oligonucleotides were used for screening of the dmbA gene (RV1fϩRV7r, RV5fϩRV7r, and RV7rϩRV8f), whereas two combinations of oligonucleotides were used for screening of the dmbB (TBC4rϩTBC7f and TBC6rϩTBC7f) and dhmA (TBC5fϩTBC6r and TBC6rϩTBC7f) genes. The PCR protocol consisted of an initial denaturation step at 95°C for 3 min, followed by 35 cycles of denaturation at 94°C for 40 s and annealing for 80 s, with a final extension at 72°C for 3 min. The annealing temperatures varied for each oligonucleotide combination and were optimized by using gradient PCR. The annealing temperatures were as follows: 55°C for primer combinations RV5f-RV7r and RV7r-RV8f, 57°C for primer combinations RV1f-RV7r and TBC5f-TBC6r, 59°C for primer combination TBC4r-TBC7f, and 59°C for primer combination TBC6r-TBC7f.
Nucleotide sequence accession numbers. The nucleotide sequences of dmbA and dmbB have been deposited in EMBL/GenBank/DDBJ databases under accession numbers AJ784272 and AJ784273, respectively.
RESULTS
Cloning and sequencing of putative haloalkane dehalogenase genes dmbA and dmbB. The open reading frames rv2579 and rv2296 present in the genome of M. tuberculosis H37Rv have been previously identified as putative haloalkane dehalogenase genes based on the comparison of known haloalkane dehalogenases with the sequences deposited in genetic databases (19) . The third open reading frame rv1833c showing a distant relationship with haloalkane dehalogenases (31.7% identity) was not considered in our study. (29), the level of expression was one magnitude lower compared to LinB using the same expression system. Haloalkane dehalogenase DmbB was purified with a yield of 0.01 mg per g of cell mass. Purified haloalkane dehalogenases DmbA and DmbB migrated as single bands on SDS-PAGE with a molecular masses of 34.5 and 34.1 kDa, respectively (Fig. 1) . Proper folding of the purified DmbA and DmbB was verified by CD spectroscopy. The CD spectra of mycobacterial haloalkane dehalogenases DmbA and DmbB were compared to the spectra of haloalkane dehalogenases with known tertiary structures, i.e., LinB, DhaA, and DhlA (25, 33, 44) .
Thermostability of haloalkane dehalogenases DmbA and DmbB. The CD spectra of mycobacterial dehalogenases were initially measured to identify suitable wavelengths for the monitoring of their thermal denaturation. Thermal denaturation was tested with LinB, DmbA, and DmbB. DmbB without fusion protein was used for thermostability measurements to prevent artifacts due to the denaturation of thioredoxin. All three proteins showed changes in ellipticity while being heated (Fig. 2) . The intensity of this signal decreased with temperature for each protein following the sigmoidal curve. The melting temperatures were different for respective proteins: 42.2°C for LinB, 47.4°C for DmbA, and 57.4°C for DmbB. Comparison of the CD spectra before heating from 22 to 72°C with the heating rate 1°C/min and after heating, i.e., after cooling back in 50 min using the same heating rate and incubation at room temperature (22°C) for 10 min, is summarized in Fig. 3 . All native dehalogenases showed CD spectra typical for predominantly ␣-helical conformation with two negative features at about 221 and 208 nm and a positive peak at about 195 nm. In comparison to the CD spectrum of native protein, the intensity of the CD spectrum of LinB after thermal denaturation was significantly lower (Fig. 3A) . Moreover, these two CD spectra differ in the ⌰ 222 /⌰ 208 ratio, indicating some structural variation. The CD spectrum of the DmbA protein (Fig. 3B) showed the typical shape of a random coil structure with dominantnegative features at about 200 nm and a broad negative ellipticity for 230 to 215 nm after thermal denaturation. This indicates that the DmbA protein lost its ␣-helical conformation entirely upon heating to the denaturation temperature. Unlike LinB and DmbA, the CD spectrum of DmbB had the same shape before and after thermal denaturation (Fig. 3C) . The spectrum of the DmbB protein after heating keeps character- istics of ␣-helical conformation with somewhat smaller intensity. A significant decrease of the DmbB concentration was not observed after thermal denaturation experiment, suggesting that the decrease of CD spectrum intensity of this protein is not caused by the loss of the protein from the solution but rather by a partial loss of the helical structure. The thermal denaturation is most likely irreversible in the case of LinB and DmbA enzymes, with no recovery of native structure after being heated to 72°C, whereas denaturation of the DmbB enzyme seems to be partially reversible. Activity profiles of haloalkane dehalogenases DmbA and DmbB. The pH optimum of DmbA and DmbB was determined over the range of pH between 4.0 and 10.0. The haloalkane dehalogenase DmbA showed more than one pH optimum (Fig. 4) with maximal activity at pH 9.0. The high activity of the enzyme at the alkaline pH was in agreement with the pH optimum of other characterized haloalkane dehalogenases. The potassium phosphate buffer had a strong inhibitory effect on DmbA. DmbB was characterized as a fusion protein with thioredoxin to overcome problems with its insolubility. The dependence of haloalkane dehalogenase DmbB activity on pH showed a different trend. The highest activity was observed at pH 6.5 in the phosphate buffer. Both haloalkane dehalogenases, DmbA and DmbB exhibited similar temperature optima at ca. 45°C (Fig. 5) . Above this temperature both enzymes rapidly became inactivated. At 20°C, 32.5% of the maximum activity was observed for DmbA, whereas DmbB did not show any activity. We note that the temperature profiles of the two dehalogenases from M. bovis cannot be directly compared since DmbB was characterized in the form of a fusion protein.
Catalytic activity of DmbA. Michaelis-Menten kinetic constants of the haloalkane dehalogenase DmbA were compared to the sixfold mutant of LinB (F143W, Q146A, D147V, L177A, I211L, and L248I), which was designed to possess an active site and an entrance tunnel of DmbA. Sixfold mutant LinB had FIG. 4 . Effect of pH on activity of M. bovis haloalkane dehalogenases DmbA (top panel) and DmbB (bottom panel). The data for DmbA are expressed as relative activities, and error bars represent the standard errors. Experiments with DmbB were not replicated due to insufficient protein material. Measurements were made with the substrate 1,2-dibromoethane at 37°C in 100 mM buffers: potassium acetate (F), potassium phosphate (■), or glycine buffer (OE).
FIG. 5.
Effect of temperature on activity of haloalkane dehalogenases DmbA (top panel) and DmbB (bottom panel). The activities were determined with the substrate 1,2-dibromoethane. 2-Bromoethanol was identified as a reaction product by using gas chromatography. The data for DmbA are expressed as relative activities, and error bars represent the standard errors. Experiments with DmbB were not replicated due to insufficient protein material. The specific activity of DmbA under optimal conditions is 0.2125 mol s Ϫ1 mg of protein
Ϫ1
; the specific activity of DmbB is 0.0044 mol s Ϫ1 mg of protein previously been constructed by cumulative mutagenesis to mimic the active site of DmbA (32) . In the present study, the pure DmbA was obtained and its dehalogenase activity was confirmed. The catalytic properties of DmbA and mutant LinB were very similar ( Table 2 ). Both enzymes showed significant dehalogenase activity toward the same substrates. For both enzymes, the Michaelis-Menten kinetic curve for 1,3-dibromopropane indicated substrate inhibition (data not shown).
The values of K m indicated a lower affinity of DmbA toward 1-chlorobutane and 1,3-dibromopropane. From the kinetic point of view, there was no biochemically significant difference between wild-type DmbA and the sixfold mutant of LinB. The observed differences in kinetic constants are within an error of independent experiments. The low yield and solubility of the haloalkane dehalogenase DmbB enabled measurements of relative activities (e.g., pH and temperature profiles) but prevented the reliable study of its kinetics.
Distribution of haloalkane dehalogenase genes among mycobacteria.
The identity of the all tested isolates was confirmed by PCR with the specific primers for 16S rRNA, heat shock protein DnaJ and specific insertion sequence IS900. All isolates of the M. tuberculosis complex contained both dmbB and dmbA genes, whereas all isolates of M. avium subsp. avium, M. avium subsp. hominissuis, and M. avium subsp. paratuberculosis did not encode dmbA or dmbB and instead contained the dhmA gene irrespective of the host and geographical origin (Table 3 ). This observation was in good agreement with available genomic data, suggesting the presence of dmbB and dmbA genes in the genome of M. bovis AF2122/97 (12) and closely related M. tuberculosis H37Rv and CDC1551 (4) and the dhmA gene in the genome M. avium 104 (18).
DISCUSSION
M. bovis posses at least two paralogous genes, designated dmbA and dmbB, encoding for enzymes with dehalogenating activity. These two enzymes have the common fold and catalytic mechanism of known haloalkane dehalogenases, but they differ in their primary structure and biochemical properties. Mycobacterial dehalogenases DmbA and DmbB share 27% sequence identity, and each respective enzyme belongs to a separate subfamily within the haloalkane dehalogenase family (2, 8) . These two subfamilies are known to differ by the topology of specificity-determining cap domain (33) , substrate specificity (9) , and composition and arrangement of catalytic triad (7, 22) . The catalytic triad of DmbA consists of nucleophile Asp109, catalytic acid Glu133, and base His273, while the triad of DmbB consists of Asp123, Asp250, and His279. The catalytic acid is located in a very different position within an amino acid sequence in these two enzymes. It was proposed that the replacement of the catalytic acid is a result of specific adaptation to the dehalogenation of 1,2-dichloroethane in haloalkane dehalogenase DhlA from X. autotrophicus GJ10 (6, 22) . Examination of the two dehalogenase enzymes with a different topological arrangement of the catalytic triad in mycobacteria suggests that the replacement of a catalytic acid must have occurred much earlier since speciation within the M. tuberculosis complex proceeded events of adaptation to anthropogenic substance such as 1,2-dichloroethane. Although the location of the catalytic acid after the ␤-strand 7 (in DhlA and DmbB) probably provides a functional advantage for catalysis of 1,2-dichloroethane (22) compared to the position after the ␤-strand 6 (in LinB and DmbA), molecular adaptation toward this substrate occurring within the last 100 years was not the major driving force for repositioning.
The activity of the protein encoded by the dehalogenase-like gene rv2579 from M. tuberculosis had been predicted by sequence analysis and computer modeling (19) long before the orthologous gene dmbA from M. bovis with 99.7% sequence identity was cloned, expressed, and functionally characterized here. To confirm the prediction and test a general concept of the functional characterization of proteins from genome projects using site-directed mutagenesis, we introduced mutations to the active site of the homologous protein LinB (32) . The constructed sixfold mutant of LinB mimicking the active site of the protein encoded by rv2579, dbmA, showed clear dehalogenating activity. As the final proof of this concept, we compared the catalytic properties of DmbA with the properties of the sixfold mutant. Good agreement in the steady-state kinetic constants of both proteins confirmed that site-directed mutagenesis of orthologous proteins can serve as a useful tool for the functional annotation of proteins inferred from a genomic data.
An interesting biochemical feature of the DmbA enzyme was the lack of a single pH optimum. Each buffer used for characterization of DmbA had a different pH optimum. Evidence for the double pH optimum has been previously reported, for example, with potato invertase (40), 1,2-diacylglycerol kinase of the human erythrocyte membrane (1), UDP-glucose dehydrogenase (39), ATP-dependent DNase (11), and thermolysin-like protease (10) . Haloalkane dehalogenases use three ionizable amino acids for their catalysis, but DmbA is currently the only family member showing more than one pH optimum. Observation could be related to the tendency of protein to aggregate in an acidic environment of pH between 6 and 7.5 (R. Chaloupkova et al., unpublished data). Another interesting property of studied haloalkane dehalogenases is their temperature optimum at ca. 45°C, which is significantly higher than the temperature of the typical living environment of pathogenic mycobacteria.
The presence of dehalogenase genes in mycobacteria is species specific. All of the screened isolates of the M. tuberculosis complex contained both paralogous genes dmbA and dmbB. Mycobacteria are currently the only species known to carry more than one dehalogenase gene, even though putative haloalkane dehalogenases can be inferred in more than 20 different bacterial species by sequence comparisons. We hypothesize that two mycobacterial dehalogenase genes evolved by gene duplication, which was followed by gene differentiation, and we are carrying out phylogenetic analyses to test this hypothesis. In some mycobacterial species one of the genes was lost and the second gene underwent another duplication event (M. avium subsp. paratuberculosis). Alternatively, both genes were lost during speciation (M. leprae). The acquirement of different dehalogenase genes during two independent events seems to be less likely. The presence of dehalogenase genes in every Mycobacterium strain screened in here and in species with the available genomic sequence, except for M. leprae, which undertook massive gene decay (5), confirms the standard transfer of the dehalogenase genes from ancestors to progenitor. Dehalogenase genes could have been transferred horizontally (36) from mycobacteria to species that use dehalogenating enzymes in biochemical pathways essential for growth on halogenated compounds, i.e., Rhodococcus, Xanthobacter, Pseudomonas, and Sphingomonas spp. Dehalogenase genes in these bacteria are usually part of the gene clusters located on plasmids and are regulated (35) . The function of dehalogenating enzymes in mycobacteria is currently unknown. The analysis of surrounding genes in sequenced mycobacterial genomes did not provide any clues about a possible biochemical pathway involving dehalogenation reaction. To test the hypothesis about the potential role of mycobacterial dehalogenases in pathogenesis (19) , the presence of the dehalogenase genes was screened in both virulent strains M. bovis and attenuated strains M. bovis BCG. The purpose of this screening was to investigate whether the dmbA and dmbB genes are located in genomic regions of M. bovis that have been excised during serial passages of attenuated "Bacillus of Calmette and Guérin"-known as BCG (24) . Both genes were found in all of the tested isolates of M. bovis and M. bovis BCG, suggesting that they are not located in excised pathogenicity regions. However, the recent study of Mattow et al. (27) suggests that the gene dmbA may be expressed in M. tuberculosis but not M. bovis BCG. These authors compared the cellular protein composition of two virulent strains of M. tuberculosis and two attenuated vaccine strains of M. bovis BCG by using high-resolution two-dimensional electrophoresis and mass spectrometry (27) . The haloalkane dehalogenase DmbA was missing in two attenuated strains of M. bovis BCG (Copenhagen and Chicago) but was present in two virulent strains of M. tuberculosis (Rv2579 and Erdman). The lack of the DmbA protein in attenuated strains could be due to too low expression, repression, or lack of function. We have shown that M. bovis carries genes coding for enzymes with dehalogenating activities in their genome and that similar genes are widely distributed among other mycobacteria irrespective of their geographical and host type origin. Mycobacterial dehalogenases DmbA and DmbB belong to a different specificity class of haloalkane dehalogenases (8) . Currently, Mycobacterium is the only known genus expressing two such different enzymes within a single species. Comparison of the kinetic constants of wild-type DmbA with the previously constructed sixfold mutant LinB validated the earlier proposal of the catalytic function of this protein established from computer modeling and site-directed mutagenesis (32) . Cloned genes could be used for DNA shuffling studies to reconstruct novel catalysts for degradation of important environmental pollutants, e.g., 1,2-dichloroethane and 1,2,3-trichloropropane, which was not possible previously due to the low homology of available dehalogenase genes. Characterized proteins represent a valuable material for structural and functional studies focusing on the enzymatic catalysis and protein engineering of haloalkane dehalogenases. 
